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Abstract

In the course of 3000 hours observation of the interplanetary
plasma, the plasma and magnetic field experiments on Explorer 34 have
detected eleven discontinuous solar wind speed changes,
not associated with shocks, of more than 60 km/sec in less than 3
min. These events, called uD's, may show a velocity change of either
sign, but the plasma density and temperature are not found to cﬁange
appreciably across them. Each speed discontinuity 6ccurs simultaneously
with a directional discontinuity in the magnetic field. High
resolution magnetic field data show that sometimes the directional
changes occur as rotational fans, and at other times they are erratic
or occur within the time resolution of the magnetic field experiment,
2.6 sec. The flow direction of the solar wind changed at two of
the eleven uD's. The quiet nature of the field and plasma on each
side of these events gives the impression that they are stable. The
existence of these uD's is shown to be consistent with the theory of
the Helmholtz instability. 1In particular, the additional observation
that the magnetié fiéld direction change, w , at a uD tends to be near
90O is comsistent with the theory, for uD's with small w may become

unstable as they move from the sun.



I. TIntroduction

The existénce of tangential discontinuities in the interplanetary
medium has been suggested by several euthors (see the review by
Colburn and Sonett (1966)). A tangential discontinuity cen be
pictured as the boundary between two adjacent, rectangulsar, flux
tubes (see Figure 1). The megnetic field end plasma parameters
may differ in esch tube, but the pressure normal to the boundary
wust be the same in both tubes. In principle, the tubes can move
relstive to one snother elong the surface between them (the glide
plene). As the flux tubes sre convected pas the satellite, their
relstive mobion can be observed s & discontinuity in the soler wind
speed (Burlega 1967a). ILet us use the sywbol uD to denote a solar
wind speed discontinuity Burlaga (1967,) has shown that several types of
tangential discontinuities do exist in the solar wind, and theat small
ub's (i.e., chenges less then 15 km/sec which occur within Tl sec)
are gomebines observed at directional discontinuities.

It is well ‘mowm thet in an ordinary Tluid & velocity Ciscontinuity
(vortex sheet) is sbsolutel: unsteble. In a hydrouegnetic £fluid
however, velocity cdiscontinuities umay be stsble under certain conditions,

Sen (1963) has presented two necessary conditions for stsbility in

an incomoressible, hydromegnetic fluid: 1) the streswing speed, V,
aust be less then\2 tiwes the Alfven speed, VA 2) the megnetic field

direction must, in genersl, change by & sulficiently lsrge -emount at the



discontinuity. The effect of compressibility has also been studied
by Sen (196h) ﬁho concludes that it is prdbablyknot significéni vhen
Ve Vpe |

The primery aim of this study was to determine whether large
velocity discontinuities not associated with shocks exist in the
solar wind, end if so, whether their existence is consistent with
Sen's stability conditions., It is found that large uD's (i.e.
changes.in:hgdsolér wind speed whiéh are >60 km/sec and occur in
less. than 3'mi¢.) do exist,’ Such discontinuities occur -
when the magnétic field energy density exceeds the kinetic energy
density and when\‘ZAQ wheré 4V ig the observed change in the solar
wind speed. It is also found that megnetic field directional
discontinuities alwsys occur simulteneously with a large uD, and
that the size of the directional discontinuity tends to be neaxr 900.
No small (5&59)'directional discontinuities were observed at the
large.uD's although Burlaga §1968b) has shown that, in general, vsm‘all
directionsl discontinuities were seen far more frequently then large
ones during 1966. These observations are discussed in relation

to Sen's stebility criteria.




11, Instruments

’ The plesms end msgnetic field data used for this study were
obtained by Explorer 34, esn earth-orbiting satellite wi‘bh an
apoéee of 34 Re. The dats were obtained between May 30, 1967
and December 26, 1967 during which time the satellite spent
X 3000 hours in the interplanetary medium.

The plasms data were obteined with an instrument developed
by Ogilvie et al., (1968). It consists of a velocity selector
and an electrostatic analyzer which g‘ive» proton and alpha
particle spectra separately., The proton differential energy
spectrum consists of 14 channels in the range 310 eV - 5100 ev.,
which form a geometric progression with a ratio 1.2k:1 and have
a full width A%:::S%. Since energy spectra are formed by counting
for 2.6 sec., at each energy level, a typical 3-bar spectrum
is obtained in T.8 sec; successive proton spectras sre obtained
gt 3 min., intervals.

The plasms distribution function f(v) for a given proton
spectrum is represented by fitting the unfolded spectrum by a
series of maxwellian ares, as described by Burlags and Ogilvie
(1968) and ogilvie et al., (1967). The fluid parameters -
density n, mean speed u, and temperature T ~ are obtained by

taking moments of f(v):

n= [m)Jv
?“. jv f(v)c’v
T = n_'l% [ fvlzf(v)clv - nuzj

v
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With just a few exceptions, the plasma parameters
presented in this paper were obtained from spectra containing
3 or 4 bars with counts greater than 2 standard deviations
sbove the mean background counts. From such a spectrum, the
ﬁean speed can be determined with an error (2%, but the density
and to a greater extent the temperature are sensitive to the
number of bars and the counting rate. To estimste the errors
in the fluid parameters which are a consequence of the limited
resolution of the instrument, a simulation progrem has been
developed. This program computes the counts which the
instrument would record in each energy channel if the plasms
were mexwellisn with parsmeters n', u!, T', and it computes
the fluid parameters would be measured (n'', u'', and T'')
using the basic procedure described sbove., To test the accurscy
of the actual measured parsmeters. n, u, T, it is assumed that
ni=n, u'=u and T'=T', and these parameters are introduced into
the simulstion program to compute n'', u'', and T'', If
n=n''y u=u'', and T=T'', it is assumed that the measured
paremeters sre correct. If n#n'', ufu'' and THT'', the
difference between the unprimed and double-primed quentities
is taken as & measure of the errors in the measured fluid
parameters due to instrumental resolution. As might be
expected, these errors are largest when the density is low
(giving low counts), when the mean speed is high (giving

fewer bers and lower counts because of the wider spacing of




energy cheannels at higher energies) and when the tempersture
is low (giving few bars). It is found that the perameters are
insensitive to the flow direction. The error in u is slmost
always <39,

The plesma probe has cosrse directional resolution, designed
primerily for msgnetosheath flow studies, which provides some
informstion concerning interplanetary plasma flow direction.
This informstion is obtained by recording the counts in each
of 16, 22.5° sectors (see Figure 2) and transmitting the number
of the sector conteining the meximum number of counts., Figure 2
shows thet radiel solar wind flow with sn abberation of 4° west

is in a direction 3°

east of the boundary between sectors 9

and 10. Clearly, radiel flow produces the maximum nuwber of
counts in sector 9, while flow from™> 3° W produces the maximum
counts in sector 10. Thus, a change in the solar wind direction
can be detected if it moves from a direction in sector 9 to a
direction in sector 10, but the magnitude of the change cannot

be determined,

The magnetic field data were obtained by Ness and Fairfield

with o triéaxial, flux-gate magnetometer, The digitization error

is +.16Y and the components of the magnetic field sre messured to

an accuracy = + ,2Y. Complete vector measurements of the magnetic
field are determimed at 2,56 intervals. Most of the magnetic-field

data below are 20.45 sec. averages computed by averaging eight

successive measurements of each component of the magnetic field.



11X, Obgervat

For comvemiemce, let us use the gywbol uwbd to demote &
discomtinuity in the mean solar wiad speed, u. A 1‘1'30 nhf wind
speed diﬂcontimity is here defined as a change (» 360 km/sse.
which occurs witkin 3 min., the time between successive specfre
measured by the Explorer 34 plasma probe. The mumber ‘0 km/sec.
is somewhat arbitrary; it was selected because it is s h&p
change in the semse that few uD's have such a large Aw.

Large uD's are very motable om the mesoscaie (™ m 4= b days,
see Burlaga (1968b) ) amd are clearly seen om the .nicrooc;l_c
(=1 hr, ~~ .01 AU). Figure 3 shows 4 uD's as seen on .thc micre~
scale; this figure is discussed im detail below.
The large uD's which are anslyzed below were selected as
follows:
1) Solar wind speed measurements were ox-incd 1; BEBO~
scale plots (4 days data per page) and discomtimudus
(£ 3 min.) changes 250 km/sec were isolated for further stully.
2) " Individual measurements of t& plasma par_qntcn .
in a 30 min. interval cemtered om each uD were exsmimed, If
gaps in the plasma or magnetic field data occurred inm the 30

. min, interval, the uD was rejected.
3) The change in u, A u= u;~ ug, was computed for *guch ub,
where u, 1is the speed measured 3-6 minutes before the arrival

of the uD, and uy; is the speed measured 3-6 minutes after the




uD.  Only uD's with Au 260 km/sec were selected for further

study.

4) UD's associated with the interplanetary shocks identified

by Ogilvie and Burlaga (1968) were excluded.

The above procedure identified 11 large uD's ( (Au 260 km/sec)
/(3 min.) ) in 3000 hours of Explorer 34 interplanetary data during

the period may 30, 1967 to December 26, 1967.

B. Plasma and Magnetic Field Parameters near uD's

The plasma and magnetic field parameters for 11 uD's are given
in Table I. The tabulated plasma parameters are essentialiy means
for the 9 minute intervals preceding and following each uD. The
mean value for a 9 minute interval is not always the most
appropriate one, so the numbers in Table I imnclude a subjective
judgement by the author which is based on simulation studies for
these parameters as discussed in section II above, on the variation
of the parameters before and after each uD, and on the author's
general experience with the plasma probe data. However,

the subjective changes are all within the errors quoted.



The errors quoted in Table I are based on the variation of the
plasme parameters in the 9 minute intervals before and sfter
each uD, and on the difference between the meessured parameters
and the parsmeters obtained by introducing the measurements
into the simulstion program, and are probably conservetive,
Magnetic field data are given in Table I, rows T7-12, vhere
B is the magnetilc field intensity, ¢ is the solar ecliptic longi-
tude ( #= 0" if B is toward the sun, and $> 0'in the dusk
meridian), and e is the solar ecliptic.latitude ( e>0’if B is
directed north of the ecliptic plane). The data are essentislly
means for the 1 minute intervals which precede and follow each
directional discontinuity (see below) associated with a uD.
In the case of a rotetion fan (see section IIIC), the numbers

are based on data in the 1 minute intervels which precede and

follow the fan. The rmg uncertainties which are quoted are larger

than the measurement and digitization errors, so they represent real

time varistions in the field before and after the uD's. It can
be seen that these time variations ere small (a B/B=x10%,
& 0xa 210°)
Several inberesting results follow immediately from Trble 1,
1) uD's with au 2?85 km/sec, within 3 min. exist in the
interplanetary medium (see Teble 2, rows 1 and 2).
2) Large uD's usually occur when the solar wind speed is
larger than aversge. For 9 of 11 uD's the wind speed

exceeded 500 km/sec for 5 it exceeded 500 km/sec.



3) Large uD's usually occur when the tempersture is Z;lOF
°K, when the density is < 4[/cn® and when the magnetic

field intensity is'z_SY.

L) The density, temﬁ%rature end magnetic field intensity do
not change eppreciably scross a ubD. This is seen in Tablelz
which gives ny - np, Ty -.Tz, and By - BQ.M The density and
temperature do not éhange at all within the errors gquoted,
and the change in B is less than .BX'fof 6 uD's. A small

(> 1¥ to 23), probably real, change in B was found‘for 5
uD's (2 increases and 3 decreases).

5) The magnetic field pressure, B2/8n , dominated the plasma
pressure, nkT, near all of the uD's. This is shown in rows

16 and 17 of Table 2 which give the ratio

ﬂ = m> T'(alof)
p= g8 ,S-S'YHB((CB)]Z) o

6) The pressure

p= 5':"‘_: +nkT=]0 'zﬁ (BG)Y+ 14 T(0105)n(c»;’l(2 )

is constant across each uD, within the experimental errors.
The temperature used to compute F1 and f& in Table 2 is the
proton temperature., Strictly speaking, the electron
tempersture Te, should be included, but it is Unknown. It
would affect the pressure bslance if T?l is much different
from Te, end if max (Tel’ Teg) is much greater than the proton

temperature.
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7) Each uD is associated with a discontinuity in the
~direction of the megnetic field, (For a discussion of
directionsl discontinuities see Burlaga (19§5b) )

6., Directional Discontinuities Associsted with uD's

Teble I, rows 9 to 12, shows 1tha.t each 'of"bhe 11 large uD's
is associated with a discontinuity in the direcﬁion of the
interplanetary megnetic field. Figure 2, which shows L tyées
of uD's, illustrates the general obsery'ation that the directional
_discontinuity and the discontinuity in meen speed are similtaneous
within the time resolution of fhe plasma probe, The existence of
a directional discontinuity indicates that the elemental flux
tubes, which are in relative motion along the surface of a
tengential discontinuity, are not parallel to one another.

"The angular separation between the vectors ]’33_ and I}g
which preceed and follow a directional discontinuity is given by

@ , where

€05 e = z-'?g /65,)3"'?3” (3)

N

Cos w = <05 G (056 cas(ﬁ"?”,_)*’gmal Sin & (k)

The angular changés,co s were computed for each of the 11 uD's
in Table I to an accuracy of .t};SO, using the barameters in rows 9 -

12 of 'hhét. teble; the results are recorded in Teble 2, row 7. It
- 1s important to mote that ‘the smallest w is 46° ;- the largest is

161°, and ‘the mean value of 'w is 93°. The values of w are shown.

w]lle



graphically in Figure 4c, which clearly shows the tendency to
cluster sbout 909, with 6 as€90° and 5)90°, This distribution
is gquite suprising in that it is quite unlike the general
distribution for directional discontinuities which was reported -
by Burlega (1968b), viz. dN/dew o exp‘(~(qz/75°)2). There are
st least 2 ways to explain this result:

1) The large uD's develop only st large directionsl

discontinuities.

2) Large uD's are initislly associated with both large

and smell directionsl discontinuities in the proportion

implied by Burlega's determination of dN/dng but those with

small « become unstable and rapidly dissappear. ™e shall

discuss this possibility in Section E below.

Another mesningful quentity sssoclated with =z directional

A
discontinuity is the direction n, where
A
nz BXB, /18] 18,1) )

This is the direction normal to the surface between two flux tubes
separsted by a tangential discontinuity. The vector g was computed
for each of the 11 uD's. The solar ecliptic directiong. of

these vectors ere given in rows 3 and 9 of Table 2 and by a end b
in Figure 4, The distribution of ;fs is similar to thsat found by

Burlege (1968b) for a much larger class of directionsal discontinuities.

-12-



" When the magnetic field desta for the large uD's are
examined with the high time resolutiom.;@éta (2.6 sec), it is found
that some of the associated directional "discontinuities"
are actually structured. The top 2 curves in Figure 5 Show
how the magnetic field direction changed throﬁgh the
"discontinuities” at 0251 UT on day 216 and at 0917 UT on
day 263. The dots are the high resolution measurements;
the open circles are aversges, each based on 8 successive
measurements. Note that the magnetic field vector changes
direction scross the boundary between the adjacent flux tubes
by rotating along a smooth curve. Siscoe et al., (1968}
previously ldentified such rotation fans in the interplanetary
medium, but they did not show that the fans mayvbe assoclated
with plasma discontinuities, Siscoe et al. showed that
rotation fans tend to be plenar. For a truly plenar rotation

A
fen there is e direction n' such thet B . A'=0, i= 1, N, where

%

N is the number of VECforimeasurememts.in the fan., In genmeral, the
vectors are not planar because of real and instrumental fluctuations,
but we can calculate the normal to a plane about which the

vectors are distributed by minimizing the quantity ; Ei‘ﬁ')z

subject to the constraint (ﬁ’)2:41, "For the fan at 0251 UT on day
216, this procedure gives a plane in the direction 0,=22°, §,=54°,
Table 2, rows 8 and 9 in column A, shows that within the experi-
mental uncertainties, (AGRAMUO ), this agrees with the direétion of -
the glide plagegnormal computed from (5), viz. eﬁf1o°, ¢ff55°. The

average compoﬁent of E_along‘ﬁ (i.e. normal to the glide plane) was

found to be (=.3 4 .5)v.
“13~



A 'similar computatiog for the glide plane near 0917 UT on day 263
gives GN?-56°, ¢§=600 vhich may be compared with o, =-36°, f nf=33°,
. from column B in Teble 2. The average component of B normal to the
plene determined by O, g, is (1 5+.6)¥, which is = 10% of

the total field,

The field does not always change through sa directiona1 
discontinuity:by means of a rotation fan. Figure 5 shows that the
field moved very erratically.through the directi;nal discontinuity
associatel with the uD et 0106 UT on day 340, However, Figure3a
shows that the field direction was fluctuating apprecisbly at
high freguencies throﬁghout the périod near this ul. There are
other uD's at which the change in magnetic field direction occurs
withim 2.6 sec, so that no rotamion of any kind can be measured for
these uD's (e,g. the uD at 1542 UT on dey 31k).

D. Change in Flow Direction at & uD

As discussed in Section II the plesms probe on Explorer 34
cen detect changes in the solar Wind direction under certsin.
coﬁditidns. In particular, one can determine whether the maximum
flow is into secfor 9 or sector 10, as’illustrated in Figure 2.

Figure 6 shows the measured flow direction-in an hour
intervsl centered sbout the uD at 0105 UT on day 340. Before
the discontinuity arrived, the flow was into sector 10 (see
Figure 1). Immedistely efter the uD, the flow was into sector
9, and it varied between sectors 9 and 10 for 30 minutes after
the uD. Thus, it is established that a change in flow direction

can occur abt a uD. Since the uD was accompanied by a directionel

-14-



discontinuity, we also have the result that the solar wind direction

may change at a discontinuity in the magnetic fileld direction.

Figure 6 also shows direction data for another uD, at 0900 UT on dsy

340, which gives the same results. A change in flow direction is
expected in general if s uD is produced by gliding flux tubes
(see Burlaga 1968a, Figure 6).

E, Stability of a uD,

We have observed that large uD's do exist in the interplsane-
tary medium and thet the magnetic field near thgm is not unusually
disturbed (see the illustrative examples in Figure 3 and the
uncertainties in B, 9; and § in Teble 1), suggestiﬁg that the uD's
are stable, It was also shown that sll of the’uD's,were observed
simulteneously with directional discontinuities in fhe interplane-
tary megnetic fleld and that these discontinuities were usually
lerge, with the direction changes tending to be near 90°. Ilet
us now examine these observations in terms of the Helmholtz
instebility.

Sen (1963) hes determined two necessary conditions for

stability in an incompressible hydromagnetic fluid,'Viz.

2 2 I P1V2 .
(B:l +82 )/4172 ((}*E’;_) | (6)

\

2
CREAE irEm [+ (8] @
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/ .
where p is the mass-demsity, V is the relative speed between

two streamers, amd Bt is the componment 0f,§
perpendiculer to the relative velocity V. When By~ B, and
p;~ps » 88 We have observed for the 11 large uD's, (6) and (7)

reduce to

\ZV, >V @)

and. - :
1y Y2
Sinew 2 4 3—’)2[@}) (B
= 2 \y, B* (9)
where V, is the Alfven speed,

VA (‘Qm/!c”f): M—-

\'n Cen?) o

Equations (8) and (9) are equivalent to those given by Landsu

and Lifshitz (1960) for stebility in an incompressible fluid.

Let us assume for the moment that the interplanetary
medium can be described as an lmcompressible fluid, and ask whether
the observstions of large uD's are comsistent with (8) and (9).
Equetion (9) shows that a uD is zbsolutely unstsble if the
magnetic field direction does not change acrossAthe discontinuvity
(unless the field heppens to be parallel to V)., In other words,
a directional discontinuity must accompany a uD if B is not parallel
to V. The observations are consistent with this result. The LHS

of (9) is maximum when the direction of B changes by »=90° at a uD. To

-16~



determine the RHS of (9) it is necessary to know V, but this has not
been measured. When w is near 0° or 180° and B is nearly perpendicular
to V, the RHS of (9) is approxiﬁately V3/(2VA?), and stability is
possible only for V<<V,. When w is near 0° or 180° and §_is nearly
parallel to V, the RHS of (9) is on the order of‘(%)z VQ/(Zvéi, and
stability is possible only if v2<8VA2. When w=90°, the RHS of (9)

is VQ/(ZVA?) for all B. Thus, in general, discontinuities with w near
90° are more likely to be stable than those with small w. The
observations that w tends to be near 90°, and that there are no small
w's at uD's, even though Burlaga (1968b) has shown that in general
directional discontinuities with small w's are most probable, may be
explained by (9). TFor example, suppose that near the sun there are
uD's with V<<V,; then (9) may be satisfied for uD's with both large

-2

and small directional discontinuities. Now par and Bar~®, where r

is the distance from the sun, so Vy @ r . Thus, for a given constant
w and V, the uD will ultimately be convected to an r where. (g§) is not
satisfied, as Parker (1963) has noted, and the uD's with small w.will
become unstable before those with w~90°, as.shown by (9).

The stability‘condition (8), i.e. V </2v,, must be satisfied
regardless of the value of w. We cannot test this’condifién
directly since we measure only Au, the radial cqmponentAof 2_(See
Burlaga, 1968a, equation (6) ). Table 2, rows 10, 11, 13, and 14
shows that all of the 11 large uD's satisfy‘(S) if V%l.l Au, 9 satisfy
(8) if V<1.4 Au, and 4 satisfy (8) if V<2Au. Thus, the existence of
the 1arge uD'é in Table 1 is consistent with (8) is V~Au. Since

Au % V, and since we have

-17-




selected only the largest Au's, it is indeed probable that Vsiu
for the uD's in Table 1,

The preceding discussion shows thet the cheracteristics of
large uD's can be understood in terms of the theory of the
Helmholtz instsbility in an Incompressible medium. Strictly
spesking, the assumption of incompressibility is not valid, for
it implies thet the speed of sound Vg, ig wuch grecter than.the
Alfven speed, which is not even epproxinately true Tor the uD's
in Table 2 (see rows 10, 12, 13, and 15). Thus, we must determine
whether compressibility olays e significant phwsicel role in the

delmholty instebility. Parker (19563) hes studied the problen

for the cese

By =B, and %i?arallel to V; he

o

concitions for dinstability;

s

NP o< 2V (11)

¢
i

o

[

~~
I«J
o

S~

2
\VAZ < \Js

\
whsre

Ve N

Table 2 shows tuet the first of these conditions is not satisfied

a7

37 W (Lm/fr‘c) (23)

{i

if Vshu, @nd the second conditlon is not satisTied in eny cese,

1/'
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Therefore, stability is not ruled out. The same problem,
By=B, and B parallel to V, was treated by Sen (1964) who
showed thet the compressibility has little effect when V?VA,
and that is has a stebilizing effect for V>V,. Thus the
effect of compressibility strengthens our interpretstion.
The more genersl case ?;f%g and‘g_not parallel tOAY‘was also
studied by Sen (1964) who concluded that the compressibility
will probebly have a destabilizing effect if\/<<V§33Z1 and a
stabilizing effect 32 V>? WAV, . since V4V, and vgev, for
our uD's, we expect the effect of compressibility to be small,
Since compressibility is expected to have no large physical

effect, equations (8) and (9) may give reasonable results.



IV, SUMMARY

This peper discusses large, discontinuous changes in the
solar wind speed (changes not associated with interplanetary
shocks) which were cbserved in 3000e hours of data obtained
between>May‘30, %967 end December 26, 1967. The results are -
as follows:

1) The solar wind speed may change_by more than 8é km/sec.

in less than 3 wminutes as it is convected past the earth

orbiting setellite, This corresponds to a gradient at lesst
of the order of (85 lm/sec)/0.0%%m). Eieven soler wind
speed. discontinuities with au >60 km/sec within 3 min. were
observed in 3000 hours of dsta. Since several dodbtful
cases were ruled out for instrumental reasons, eleven

is & lower limit on the mimber of large uD's which actually

existed. Seven of these showed an increase in u and 4

showed a cecreasge in u.

2) Most of the uD's occurred when u, T end B were high

and n low. The pressufe was constant scross each of the

uD‘s within the errors., A small lncrease (lx to 2}) in

B was observed for 5 uD's (2 incressed and 3 decreased).

3) Each uD was essociated with & directional discontinuity

in the megnetic field B, The high resolution magnetic field
date show thet «.) in some cases the field changes rotating

in & plane whose normel is in the direction ?l x ?2. b.) in
other cases the field chenges direction across the discontinuity

by moving very erratically, and c.) sometimes the direction

-20-



change is complete in 2.6 s and this cannot be studied in
detail., The changes in the msgnetic field direction at
ul's ranged from 56° %o 161° and tended to be near 9003 the
everage ¢ was 93°, The changes sre thus much larger than
those normally observed at directional discontinuities.

The vectors By x Bp for the directional discontinuities st
the large ubl's were distributed as usual for directional
Giscontinuities nemely, perpendiculer to the spiral direction
and out of the ecliptic plsane.

%) The flow direction was observed to chenge at & large
uD's. Thus, the flow direction msy change at a directional
discontinuity.

5) The existence of the large uD's is consistent with the
theory of the Helmholtz instsbility. It is suggested thst
lerge uD's with smallew were formed, but disintegrated by
means of the Helmholtz instebllity, leaving only uD's with

o)
o negxr 907,

21~
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Figure 1.

Figure Z.

Figure 3.

FIGURES
A schematic illustretion which describes a
tangential discontinuity in terms of two hypothetical,
rectangular, magnetic flux tubes. The figure shows the
special case when the flux tubes sre mutually perpendi-
culer and inclined st an engle © with respect to the
ecliptic plane, The tubes are shown separsted by &
rotetion fan,
The upper dlegrem shows the asrrangement of the
detector relative to the sun sensor in the satellite,
The sensitive cone of the detector ié 29 wide. The
rotation direction shown here is thst which is seen by
an observer north of fhe ecliptic plene. The on-board
éomputer stores the counts which sre recorded es the |
sensitive cone moves through esch of these 22,5° sectors;
the counts sre recorded in the sequence given by the
humbering of the sectors. The number of the sector
with the meximum number of codnts is trensmitted, and
indicates the flow direction.
This shows the tempersture, mean speed, density,
megnetic field intensity, and magnetic field direction
for each of 4 uD's. The top left sh ws a cese in which
high freguency fluctuations in the megnetic field were
present:(only the envelope of these fluctuations is shon).
Six uD's in Teble 2 (E, F, G, H, I and K) are of this

type. The top right shows a uD with 2 directionsal
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Figure i,

Figure 5.

Figure 6,

discontinuities occuring within the plasma resolution
time; two uD's (J and D) are of this type. No
fluctuations were observed at % uD's (B, C, D, and J),
as illustrsted by the uD on the bottom right of this
figure, Both uD's in the lower half of this figure
contain rotation fens at the directionel discontinuities.
Figure lia shows the solar ecliptic latitude of the
vectors By x By for each of the larger uD's in Teble 1.
The Figﬁre Lb shows the corresponding longitudes. Note
thet the vectors tend to be directed awsy from the
ecliptic plane end normél to the spiral field direction,
as 4& characteristic of directional discontinuities.
Figre ic shows the values of ¢uo for the directional
discontinuities at the large uD's. Note the sbsence of
small wk and the tendency to cluster near 90°,

The 1op two curves are rotation fans associsted with
large uD's. The points were measured at 2.5 sec
intervals, and the open circles are 20 second avereges.
The magnetic field vector changed direction by a rotation
in a plane. The bottom curves shows a case for which the
magnetic field changed direction across a directional
discontinuity by moving very erratically.

This shows thet the solar wind may change direction at

a ul, The points indicate flow into sector 9 or 10

(see Figure 2). The points are at 2 minute intervals,

and the dsshed line indicates the time of the uD,
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Table 1.

Table 2,

The plasma and magnetic field persmeters for 11

large uD's,

Caleculated Quantities for 11 lsrge uD's, The

quantities p,ad, B, O, V,, v  and ? were celculsted

from equations (2), (&), (5), (5), (10), (13) end (1),

respectively,
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